This paper outlines a detailed and systematic method for revealing and mapping-out the network mobilised in the development of a discrete innovation. This is termed a focal action-set. Important to the utility of this approach has been the development of a set of conventions for the graphical expression of the network and its components: actors, links and flows. It is argued that the network graphic provides a powerful, though underutilised, tool for the representation of relational data. It may be employed, for example, to reveal variations in network morphology and to highlight key networking or boundary-spanning actors. The network mapping approach is illustrated through three cases of small firm innovation, drawn from a wider investigation of award winning technological innovations. Comparison between the network maps shows a variation in the key boundary spanning interactions which is related to the organisational background of the entrepreneurial actor.
Network structure analysers
Traditionally, structurally-orientated software packages such as UciNet have focused on the mathematical analysis of network characteristics and utilise a matrix interface for network data display. Software such as KrackPlot and View_Net share this approach but unlike many of their predecessors adopt a graphical form of display. The power of both KrackPlot (particularly with its ability to converse with UciNet IV) and View_Net resides with their provision for the researcher to build and manipulate the network graphically, while still allowing mathematical calculations to be brought to bear on the constructed network. However, this group of software packages still focuses on quantitative aspects of networks and typically provides for little encoding of the qualitative dimensions of actors and their links; though Krackplot, however, does allow attributes of nodes to be represented by a limited set of shapes, and attributes of links, such as strength of tie or type of tie, by line thickness.
Although there are two quite distinct traditions of software for representing networks there is a degree of convergence underway which enables integration of analytical and depictive approaches. In order to take advantage of these opportunities it is important to consider the concepts that are relevant to the systematic analysis of innovation networks and their implications for the elaboration of appropriate forms of graphic representation.
Key Characteristics of Innovation Networks
Technological innovation should not be viewed as resulting from a single idea, but from a bundle or ensemble of ideas, information, technology, codified knowledge and know-how, which may or may not be embodied within the new product or process. Furthermore, new ideas seldom appear fully formed and articulated from a single source (Utterback, 1971; Allen, 1977; Allen et al, 1983) . Allen et al (1983: 201) , for example, found in their cross-national study of technological change in SMEs that:
"Bits and pieces of what eventually becomes a new idea arrive from a variety of sources...The individuals who introduce the new idea to the organisation, integrate these messages and in that may make their own creative contribution to the process."
This implies that innovation generally arises from a portfolio or network of actors and relationships. Studies of successful technological innovation have highlighted the importance of a number of key characteristics of these 'innovation networks': the key role of external sources and boundary-spanning activity; the diversity of internal and external actors involved in the development process; and the importance of informal or personal relationships in supplementing and 'breathing life' into formally prescribed relationships (the organisation chart) and linkages at the level of the organisation (e.g. joint ventures).
External sources
Studies in the late 1960s and early 1970s first highlighted the importance of external sources of inputs into the innovation process: this research suggested that external sources were responsible for between 34% (Gibbons and Johnston, 1974) and 65% (Langrish et al, 1972) of the inputs important to the innovation process. More recent research has indicated the continuing key role of external sources (Conway, 1994) .
The diversity of internal actors
Studies have also indicated the importance of managing relationships across internal interfaces, such as between project groups, functional departments, and divisions. In particular, research has highlighted the importance of the internal marketing and R&D interface (Rothwell et al, 1974; Calantone and Cooper, 1981; Bonnett, 1986) .
The diversity of external actors
A diverse range of external sources have been found to contribute to the development of successful innovation, including research organisations, suppliers, competitors, users, consumers and distributors (Myers and Marquis, 1969; Achilladis et al, 1971; Langrish et al, 1972; Gibbons and Johnston, 1974; Conway, 1994) . Studies have shown users in particular, but also suppliers and competitors, as playing an important role in the innovation process (Shaw, 1985; Hippel, 1988; Vanderwerf, 1990; Schrader, 1991) .
Informal boundary-spanning relationships
A number of other studies have indicated the importance of informal or personal boundary-spanning contact to the innovation process (Hippel, 1987; Schrader, 1991; Kreiner and Schultz, 1991; Conway, 1994) and particularly in relation to the transfer of tacit knowledge (Senker and Faulkner, 1993) . Freeman (1991: 503) goes further, contending that "behind every formal network [of relationships], giving it the breath of life, are usually various informal networks". Whilst Hamel et al (1989: 136) argue that management may set the legal parameters for exchange behaviour, "but what actually gets traded is determined by day-to-day interactions of engineers, marketers, and product developers". Research has also highlighted that much of this boundary-spanning interaction is undertaken by a relatively small number of individuals in an organisation, known as boundary-spanners or gatekeepers (Allen, 1977; Tushman and Katz, 1980) . The recognition of these key characteristics is central to the development of any technique for mapping the innovation network. It must have the power to systematically reveal a diversity of actors -internal and external -and a diversity of relationships -informal and formal. Many forms of depiction do not capture this diversity. At the heart of developing a suitable approach is the fundamental issue of specifying more precisely what is to be included in the 'innovation network' under investigation. The definition of a boundary which is based on a clear concept of the innovation process is critical.
A Conceptual Framework for Studying Innovation Networks
The rules of inclusion (of actors, links and flows) adopted in a research project are inextricably linked to the research question. Literature which focused on the process of abstracting a partial network from the total network was drawn upon to build an appropriate conceptual framework for studying discrete instances of innovative activity yielding a specific technological output in the form of a new or improved product or process. Mitchell (1969: 12) conceptualised what he termed the total network of a society as "the general ever-ramifying, ever-reticulating set of linkages that stretches within and beyond the confines of any community or organisation". Thus, Mitchell (1969) argues that the researcher must always select particular aspects of the total network for attention, what he termed partial networks. This process of selecting partial networks for further study is commonly termed abstraction (Scott, 1991) . There are two key decisions to be taken in abstraction: the first focuses on the rules of inclusion based on the attributes and/or participation of the actors themselves, termed the definitional focus (Laumann et al, 1983) ; the second relates to the manner in which the abstraction is anchored or centred, which may be around a particular actor or group of actors (Scott, 1991) . This may be termed nodal-anchoring (Conway, 1994) .
[Please insert Table 1 here] Once these key decisions have been made, a third and more practical decision is also required for focal-nets; this is relates to the 'cut-off' distance (i.e. maximum number of links away) of actors not directly linked to the focal-actor. Laumann et al (1983) identify three sets of components, or what they term definitional foci, for establishing the rules of inclusion of actors in a network: actors, relations and activities. In establishing the partial network to study, network analysts may select one or more of these three sets of components. However, Laumann et al (1983: 22) argue that "the choice of a definitional focus is of importance in that it fixes certain features of the network while leaving the remaining features free to vary".
Network abstraction and definitional focus
The first and most commonly employed definitional focus is the use of an inclusion rule based on some attribute or characteristic of the actors in the network under study. This approach is used to construct attribute networks. Fombrun (1982: 280) defines attribute networks as those that link actors who share a commonality.
The second definitional focus often adopted is that of selecting actors on the basis of their participation in some specified type of social exchange Fombrun (1982) . This approach is used to construct transaction networks. Transaction content may be, for example, affect, power, information and goods (Tichy et al, 1979) . Networks constructed using this approach are generally expressed in terms of the category of social exchange selected, hence friendship networks, influence networks, communication networks and economic or exchange networks, respectively. In favour of this network approach, Aldrich and Whetten (1981: 386) argue that "focusing on resource flows or boundary-role interaction avoids the problem of mixing transitory or ephemeral relations with enduring or consequential ones".
The third definitional focus is one that adopts an inclusion rule based on some event or activity. In this approach, participation in the event or activity serves to select individual actors and the social relationships among them. This method may be employed to construct what are termed action-sets. Mitchell (1969: 39-40) argues that the action-set "...is delineated in terms of the specific transaction that brings it into being...An action-set may be looked upon as an aspect of a personal network isolated in terms of a specific short-term instrumentally-defined transactional content: the personal network itself is more extensive and more durable". In this sense, the resulting network may be viewed as a special kind of transitory transaction network, established to achieve some desired end (Mitchell, 1969; Aldrich and Whetten, 1981) . Scott (1991) argues that there are two bases on which such abstraction can then proceed: "First, there is abstraction which is anchored around a particular individual so as to generate ego-centred networks of social relations of all kinds. Second is abstraction of the overall, global features of networks in relation to a particular aspect of social activity: political ties, kinship obligations, friendship or work relations".
Network abstraction and nodal-anchoring
In the first approach the researcher focuses on the relations of a single actor in the network population, referred to as the focal-actor. Ego-centred networks or focal-nets may be termed personal networks at the level of the individual (Rogers and Kincaid, 1981) or organisation-sets at the level of the organisation (Evan, 1965; Aldrich, 1979) . The concept of an ego-centred network is derived from Merton's (1957: 369) concept of role-set, which he defines as "that complement of relationships which persons have by virtue of occupying a particular social status". Aldrich (1979: 279) also notes that: "Many of the dimensions used for structural analysis of networks can be applied to organisation-sets. Size, density, diversity and stability all tap different features of an organisation-set that are useful for comparing organisation-sets of different organisations or of the same organisation over time..."
The second approach identified by Scott (1991) focuses on a population of actors rather than a single actor. This is sometimes referred to as a socio-centred approach. Such a network is constructed by first identifying the presence of a specified type of tie defined by the researcher, such as friendship or joint-venture, between each of the actors in the population under study. The identified links are then mapped out between the actor population.
Setting the boundary of analysis
Establishing the boundary of the network under investigation, is one of the key issues that need to be addressed when conducting research employing the network perspective. Mitchell (1969: 40) notes that:
"Clearly some limit must be put on the number of links to be taken as definitive for any specific network, otherwise it would become co-extensive with the total network. This difficulty is resolved by fixing the boundary of the network in relation to the social situation being analyzed...There can be no general rule." This view is supported by Fombrun (1982: 288) who argues that "if there is no agreed on boundary to an inter-organisational network, the choice of the boundary should reflect the purposes of the researcher and the research hypotheses of the study", although Crane (1972: 14) notes that "the amorphous character of research areas complicates the problems of defining the membership of the social circles".
The researcher needs to be aware that the approach through which boundaries are drawn up is a critical step in the research process, since it creates the sample of linkages that are examined (Auster, 1990) . Laumann et al (1983) highlight the danger of carelessness, in what they term system specification, in distorting the overall configuration of the network. With this in mind, Fombrun (1982: 288) warns that the "conclusions drawn from the study must be carefully scrutinized for the possibility of alternative explanations grounded in the effects of the untapped networks". Laumann et al (1983) highlight two methods for establishing the research boundaries in network analysis. The first of these methods is termed the nominalist approach, where the boundaries are defined by the researcher. The second method is termed the realist approach, where the boundaries are constructed by those within the network itself. It must be noted however, that the realist approach inherently incorporates nominalist qualities, since those actors included in the sample reflect the selection criteria of the researcher and his expectations of the system boundaries (Auster, 1990) .
Selecting the 'rules of inclusion' in network abstraction
The choices made in relation to network abstraction are inextricably linked to the research questions posed. A broad review of the innovation literature reveals that certain approaches have been employed to study different issues relating to inventive and innovative activity; these are summarised and exemplified in Figure 1 . However, few network studies have been explicit in specifying the rules of inclusion adopted.
[Please insert Figure 1 here] The focus of our research is the management of innovation at the level of the individual business enterprise. Since this is based on the investigation of the management of the organisational and development processes associated with a specific and discrete innovation, the most appropriate definitional focus for the inclusion of actors was one that selected actors by their participation in the specified event or activity. Thus the action-set approach was adopted. As the innovations were to be investigated from the perspective of the award-winning innovator, an egocentred nodal-anchoring approach was chosen. The resulting network may be termed a focal innovation action-set.
Comparative analysis of samples of discrete innovations constrains the extent of the linkages to which any individual case can be pursued. Investigation is limited primarily to identifying and mapping-out direct links during data collection. However, because of the interest in the role of bridges in the innovation process, indirect links were pursued if they provided important inputs into the innovation project under study. Often these bridges allow the innovator to tap into a variety of attribute-defined networks, such as scientific or professional networks (Conway, 1997) .
Network Components
In revealing and mapping-out a focal action-set data must be gathered concerning the three components of the network: actors, links and flows. The wider social network literature may be utilised to identify dimensions along which each of these three components might be analysed (see Conway 1994 for a full list).
Actor variables
• Unit of Analysis: The actors in a given dyad may be individuals or virtually any aggregation of individuals, such as a group, an organisation, a community, or even a nation-state (Fombrun, 1982) . In recent years there had been an over representation of research at the organisation-level in the field of innovation, at the expense of studies at the level of the individual. However, perhaps more importantly, Auster (1990,80) argues that "much more attention should be paid to the relationship of individual ties to inter-organizational linkages". The incorporation of actors of various units of analysis within the same focal action-set may be one way to approach this.
• Actor Type: In contrast to attribute networks where actor type characteristics are pre-set by the researcher (e.g. in studying the network among scientists in a particular specialist field), transaction networks and action-sets may exhibit great variation in their membership. Thus the actor-type variable may be employed to highlight possible actor diversity in the network.
Link variables
• Relationship type: A dyad may be described in terms of the nature of the tie (Kanter, 1972) or bond (Hakansson and Johanson, 1990 ) which maintains the relationship between the two actors. Kanter (1972) describes three types of ties between what she terms committed communities (networks): instrumental-ties, through which mutually rewarding economic exchanges can be operationalised; affective-ties, through which satisfying emotional sentiments, such as friendship, can be evoked; and moral-ties, where a code of fairness, social-banking and reciprocity, are the main binding forces.
• Formalisation: refers to the extent to which a relationship between two actors is given formal recognition by an organisation (Aldrich, 1979 ).
• Intensity: The intensity or strength of a link is indicated by the frequency of interaction and flow of transaction content between two actors over a given time period (Tichy et al, 1979 ).
• Reciprocity: The reciprocity or symmetry of a relationship refers to the balance of flow over time of transaction content between two actors through a given linkage. The underlying structure of the link is termed asymmetric or unilateral, where the flow is one-way, and symmetric or bilateral, where the flow is two-way. Asymmetric linkages tend to imply some form of inequality in the power relations between two actors (Boissevain, 1974 ).
• Multiplexity: At the level of the individual, multiplexity identifies the degree to which two actors are linked by multiple role relations (Tichy et al, 1979) . It is also contended that the greater the number of role relations linking two actors the stronger the linkage (Tichy et al, 1979) . Boissevain (1974: 30) also argues that "there is a tendency for single-stranded relations to become many-stranded if they persist over time, and for many-stranded relations to be stronger than single-stranded ones, in the sense that one strand role reinforces others".
• Origin: This dimension refers to the identification of the events leading to the origin of a linkage. It is intended to incorporate factors such as the context in which the relationship originated and the initiator of the relationship.
Flow variables
• Transaction content types: Kadushin (1966) refers to transaction content as the flow between actors, to emphasize that something is being exchanged or is passing through a relationship. As noted earlier, dyadic relationships and networks of exchange can be categorised according to the transaction content that flows through them. Tichy et al (1979) distinguish between four types of transaction content:
affect -the exchange of friendship between actors; power -the exchange of power and influence between actors; information -the exchange of ideas, information and know-how between actors; goods -the exchange of goods, money, technology or services between actors.
• Role: this refers to the nature of the usage of the transaction content. This variable is of particular relevance to the action-set concept, since it focuses effort on directly linking specific inputs to specific activities.
• Exchange Value or Utility: The perceived value of the transaction content, both received and transmitted, by each of the actors in a given relationship, is termed the exchange value. The exchange value of transaction content may be measured in terms of discrete units within specific exchange events, or as the cumulative value of exchanged units within a series of exchange events over time.
Collecting Focal Innovation Action-Set Data
In the studies in which this approach has been developed, semi-structured interviews were undertaken with one or more of the key individuals involved in the development process for a discrete innovation. The innovation was viewed as deriving from a bundle or ensemble of inputs, that had been accumulated, configured and reconfigured by the project team, from a diversity of actors and through a variety of relationship types and mechanisms. Pilot interviews found that asking interviewees directly and explicitly to identify external sources of inputs into the development process invariably underplayed the role, frequently and importance of such project boundary-spanning interaction. A more effective approach was formulated, which relied on deconstructing a given innovation into a set of inputs relating to the initial impetus for the project; the features and functionality of the innovation; the technical solutions; and the feedback gained through usage of prototypes and end-products. It was also found that important inputs into the innovation process were not always embedded within the innovation itself. This problem was overcome by shifting the focus of the discussion to the various phases of the innovation process in attempt to reveal 'non-embedded' inputs. Finally, a 'roster', based on earlier studies of the sources of innovation, was employed to prompt for any other types of actors that may have been involved in the development process.
Thus the interview process first sought to identify the multiplicity of inputs or flows into the development of the product or process. The role (impetus, concept, feature, solution or testing), origin and importance (exchange value) of these inputs was then obtained. Information was then sought concerning a number of dimensions of the source-recipient relationship, including: the nature of the dyadic link (i.e. instrumental, affective or moral); the degree of formalisation; the degree of reciprocity or symmetry; the extent of multiplexity (i.e. single or multiple links); and intensity of the interaction and the strength of the relationship. Therefore, the task of each interview was to gather as much information as possible concerning the three components of those intra-and extraorganisational boundary-spanning dyadic relationships found to be contributing to the innovation process: the source actors, their relationship with the innovation project team, and the nature and flow of transaction content between these actors.
A Graphic Convention for Network Mapping
The design of a graphic convention for presenting focal innovation action-set data requires the selection of dimensions of actors, links and flows which are of particular relevance to inventive and innovative activity. Generic characteristics of successful technological innovation were identified from the innovation literature as a basis for the graphical model:
• multiplicity of inputs into a single invention or innovation • diversity of types of input (e.g. tacit knowledge or technological artifacts)
• multiplicity of internal and external sources of input • diversity of external types of actor (e.g. customers, suppliers or universities)
• diversity of internal types of actor (e.g. R&D, marketing or production) • diversity of actor scale (e.g. individual, project group, function or organisation) • diversity of relationship types (e.g. formal agreements or informal interaction)
The seven visual variables of graphic theory available for depictive purposes: position, size, value (hue), texture, colour, orientation and shape (Bertin, 1983) were found in a review of network depictions to be utilised and combined in a wide variety of ways in displaying network data. However, the use of nodal shape to convey qualitative information and the use of size to express quantitative dimensions are common-place and effective. Value and texture are used less consistently and this partly reflects their capacity for expressing both qualitative and quantitative attributes.
The positioning of actors on the page shows the greatest variation and inconsistency. The graphic conventions presented in this paper have been developed through a series of studies concerning communication and interaction in the innovation process (Conway, 1994; Conway and Steward, 1995; Steward et al, 1995) .
Positioning actors
A fundamental issue in the construction of a network graphic is the method utilised to position the actors or nodes on the page. There are a number of options available for a graphic convention which may be broadly distinguished as: (1) the manual arrangement of actors on the page; and (2) axis-based positioning (e.g. as with geographical orientations or 'multi-dimensional-scaling').
To improve the analytical potential of the graphic device for the consistent depiction of innovation for comparative purposes a novel 'actor positioning template' was designed (see Figure 2 ). This template allows for the representation of both internal and external interactions simultaneously, with intra-organisational dyads being confined to within the ellipse, and inter-organisational dyads being located in one of the six outer segments.
[Please insert Figure 2 here] A layout was adopted to facilitate the location of network actors in the context of the innovation process. The lower part of the template is structured to reveal firm level characteristics based on the value chain concepts of business strategy. The upper part of the template is designed to show the broader dimensions of technical knowledge and social need expressed in the interactive model of innovation. As a consequence the segmentation of the external environment of the focal innovative actor (i.e. the area outside of the ellipse) creates six segments:
• bottom-left for actors up-stream of the innovator (e.g. suppliers)
• bottom-middle for competitor actors • bottom-right for actors down-stream of the innovator (e.g. customers)
• upper-left for knowledge generating actors (e.g. universities)
• upper-middle for regulatory actors (e.g. governmental bodies)
• upper-right for actors in the wider social environment (e.g. pressure groups)
The graphical representation of the focal action-set in this way allows for the possibility of analysing the innovation network at three levels: (1) the individual dyads that make up the action-set; (2) the overall configuration of the action-set; and (3) the manner in which the action-set is embedded in its environment.
Representing actors, links and flows
A range of visual variables are employed in this paper to represent characteristics of the actors, links and flows that are of particular relevance to the innovation process and the study of innovation networks: nodal shape is employed to encapsulate the diversity of actors (see Figure 3) ; line texture (i.e. broken or solid) is used to denote both the formality and the nature of the relationship; line size (i.e. width) the intensity interaction and exchange within the dyadic relationship; and line shape (i.e. arrowheads) the direction of flow of transaction content and some indication of the symmetry of the link (see Figure 4) .
[Please insert Figure 3 
Network configuration
As well as showing the portfolio of dyadic relationships the process of graphic depiction reveals characteristics of the overall network. These include
• Size: The number of actors participating in the network (Tichy et al, 1979; Auster, 1990 ). However, the potential size of the network under investigation is most often dictated by some arbitrary boundary set by the researcher.
• Diversity: The number of different types of actor in the network (Auster, 1990) , and the number of different types of linkage (Burt et al, 1983 ).
• Stability: Tichy et al (1979: 508) define this dimension as "the degree to which a network pattern changes over time". Auster (1990) also refers to the frequency and magnitude of change of the actors and linkages in a given network.
• Centrality: This is used in various ways but primarily concerns the degree of 'wellconnectedness' of an individual actor in the network (Scott, 1991) .
• Openness: This network dimension is defined by Tichy et al (1979: 508) as "the number of actual external links in a social unit". That is, the number of links between a given network and other networks.
The use of an actor positioning template informed by innovation concepts enables analysis of the configuration of the focal action-set with regard to the pattern expressed through the spread and balance of actors, links and flows. The consistent use of such a convention facilitates the comparative morphological analysis of different cases of innovation.
Innovation Networks of Small Firms: Mapping Focal Action-Sets

Examples of network mapping
The research approach outlined above may be illustrated through the analysis of three cases from a recent investigation of successful technological innovation (Conway, 1994) . The study involved the exploration of the networks mobilised in thirty seven discrete cases of award winning innovation in UK firms. The cases were all recognised by the Queens Award for Technological Achievement or the British Design Award between 1992 and 1994. About one third of these innovations were developed by small entrepreneurial firms and three of these cases are selected to show the utility of the network mapping approach. The analysis presented is restricted to a limited number of network features of particular salience to the process of innovation in the small firm. The aim is to indicate the potential of the approach for the interpretation of an individual case and for comparative purposes.
Small firm innovation and entrepreneurial networks
The key role of the individual entrepreneur has been highlighted in many studies of innovation in the small firm. The approach adopted here highlights the network relationships of such focal individuals in the innovation networks investigated. It enables insight to be gained into problematic characteristics of these networks which have been raised in previous studies.
One of these is the apparent paradox of entrepreneurship in its need for both selfsufficiency and for interactive relationships with other individuals and organisations. Johannisson and Peterson (1984: 1) point out that while on the one hand "the entrepreneur personifies individualism and independence", on the other "he is...very dependent on ties of trust and cooperation". Research has indicated the importance of boundary-spanning links in the innovation process of entrepreneurs (Johannisson and Peterson, 1984; Leonard-Barton, 1984; Birley et al, 1991) and SMEs (Rothwell, 1991; Rothwell and Dodgson, 1991) and it is important to investigate these to seek an insight into how this paradox is handled. Aldrich and Zimmer (1986: 9) argue that in order to understand the role of the individual a "comprehensive explanation of entrepreneurship must include the social context of behaviour, especially the social relationships through which people obtain information, resources and social support".
Another interesting issue is the degree to which entrepreneurship may be regarded as a type of behaviour which shares common characteristics or expresses variety. Research on the heterogeneity of entrepreneurs suggests that differences in experience and career background may have a significant consequences for an individual's 'know how' and 'know who'. It is suggested that this may be expressed in different patterns and types of social relationships and entrepreneurial networks. In a study of sixty one innovative entrepreneurs, Jones-Evans and identified three types of entrepreneur: the 'research' entrepreneur, previously involved in scientific work, usually with an academic institution the 'producer' entrepreneur, originating from an industrial organisation with involvement in product development and the 'user' entrepreneur, previously an end-user of a technological product or process.
Subsequent behaviours in relation to innovation were related to these different entrepreneurial paths.
The innovation networks of the small firm cases were mapped and investigated in relation to these issues. The configuration of each network was assessed in relation to the extent of individual connections. The network patterns in cases with different entrepreneurial locations in knowledge creator (research), supplier/competitor (producer) and customer (user) organisations were compared. The cases presented compare these three types.
The 'research' entrepreneur network: the case of Seabait Limited
The origins of commercial ragworm aquaculture in the UK can be traced to an undergraduate project undertaken at Newcastle University in the early 1980s by Peter (the business partner). His undergraduate project and subsequent Ph.D., were supervised by Dr. Olive (the technical partner), who is a world authority on the reproductive biology of polychaete worms. The research involved basic biology, focusing on the growth rates, stocking densities, reproduction, artificial fertilisation, and feed of the ragworm. As an angler and an individual with a family background in business, Peter not only recognised the market need but also the commercial potential of rearing ragworms for use by both amateur and professional anglers.
While Peter was motivated largely by commercial aspirations, Dr. Olive was becoming increasingly aware of the environmental impact of existing commercial ragworm exploitation. It became apparent from the postgraduate research that the aquaculture of ragworms could be commercially viable and in 1986 funds were raised to set-up a company: Seabait Limited. The first artifically reared ragworms were sold in the summer of 1987. Since that time the company has experienced a growth rate of around 25%. Throughout this period, knowledge and experience has been continually gained and refined both in relation to the practical aspects of running a ragworm farm and with regard to the fundamental research required to improve fertilisation processes, for example. The research effort has been predominately driven by Dr. Olive, who maintains a dual role as Research Director at Seabait Limited and Reader at Newcastle University. Much of this research has been financed by external grants and Dr. Olive frequently draws upon the expertise of fellow colleagues within the world-wide community of academics in the polychaete and invertebrate research fields. The innovation network is depicted in Figure 5 .
The 'producer' entrepreneur network: the case of BSH Limited BSH Limited is a very small yet very successful entrepreneurial organisation. This success is based on the development of one core product that allows the heating element on the rear-windscreen of automobiles to be used as an AM/FM radio antenna. Launched in the early-1980s, sales through license were approximately one million units per annum by the early 1990. The firm was founded in the mid-1970s by Derek (the business partner) and Jack (the technical partner). Prior to the foundation of BSH, Derek had been Head of the Legal Department at Pilkington Glass, while Jack had worked for ICL, but 'liked to invent and build things in his shed at home'. Their initial meeting was social, through their wives who had recently become friends. At one of these social occasions, Jack spoke about an idea he had had for using the heating element on the rear windscreen of a car as a radio antenna. Derek became interested; he knew Pilkington had tried and failed in developing such a product in the past. Nevertheless, they decided to set up a company to develop and market the product. Derek focused on the business side of the partnership, while Jack focused on developing solutions to the various technical problems, which up to that point in time had not been solved by a series of much larger organisations.
After a year or so, a prototype had been developed that worked with AM radio frequencies. However, Jack was unsure how to tackle the technical problems associated with receiving FM frequencies. Luckily, Jack had a friend who knew someone at Bangor University that specialised in antenna and radar systems. Jack and Derek approached the academic in search of technical advice and he agreed to help them optimise the system. In 1980, the TVR 'Tasmin' became the first production vehicle to be factory-fitted with the system as a standard item. However, for the product to be acceptable to large automobile manufacturers, further development was required to increase the performance on FM/VHF frequencies. To achieve this the product had to be carefully tuned for each particular model of car. A purely accidental meeting between Ken (an engineer at Ford Motors) and Derek took the development through the next critical stage. Ken was dissatisfied with his lot at work and persuaded his boss to allow him to use work time to adapt and fine-tune the antenna for the new Ford Orion that was to be launched in mid-1983. This was a purely informal arrangement. The fine-tuning was successful and the adapted product was incorporated into the new Ford Orion range. This proved the key technical and commercial break-through into the mass production automobile market. The innovation network for this case is represented by Figure 6 .
The 'user' entrepreneur network: the case of Hydronix Limited
Hydronix Limited is also a very small and successful entrepreneurial company. It utilises microwave technology in the development of accurate moisture measurement equipment for a variety of industrial applications. The company was founded in 1982 by Rolf (the business partner) and Jerry (the technical partner). The core product of the company is the 'Hydro-Probe' sensor, which is employed to measure moisture in a variety of process industries. The key application is in relation to concrete batching, for the pre-cast and ready-mix markets in the construction industry.
Prior to the foundation of the company, Rolf had qualified as a civil engineer and then worked in this capacity for Marleys for nearly two decades. As a result he had been involved with concrete in one form or another all of his working life. Jerry was a 'boffin' character who had spent much of his life working on radar systems, and consequently had built up knowledge and skills in relation to radio-frequency and microwave technologies. In the early 1980s, while in charge of concrete production at a business unit within Marleys, Rolf began looking for techniques for measuring and controlling the amount of water added when mixing concrete. The amount of water one adds during this process is extremely important: too little and the concrete is unworkable, too much and the concrete loses its strength and durability when set. At the time a variety of techniques were available, but none of these methods seemed particularly satisfactory. Rolf was subsequently introduced to Jerry who had developed a rough prototype instrument that employed microwave technology. Although Rolf was very excited by the idea and quickly saw the commercial potential, other work colleagues were not particularly struck by the technique. As a result, Rolf left Marleys and set-up Hydronix Limited with Jerry to develop and commercialise the microwave moisture sensors. In bringing the Hydro-Probe product from proto-type to the market-place, Rolf mobilised and orchestrated a network of external relationships; this innovation network is depicted in Figure 7 .
[Please insert Figure 5 
A comparison of the three entrepreneurial networks
The network maps clearly highlight two features which are common to all the cases: within each of the three small firms there is a strong formal link between two individual key actors, with a division of responsibility between the technical and business dimensions of the innovation process; each small firm also exhibits a wide range of external links with other organisations, which are predominantly informal in nature and which are mobilised as part of an individual's set of personal network relationships.
In both cases where the entrepreneur has a business background, whether in a producer or user organisation, it is evident that the individual concerned is responsible for the majority of external network links. The other internal actor, who has a primary role in the technical aspects of the innovation, appears to play a minor role in external boundary-spanning activity. In the case where the entrepreneur has an academic research background, there is a different pattern. In this case both of the internal actors play an active role in the utilisation of external network links and thus share this boundary-spanning role between them. Here the academic mobilises a researchorientated network, while the Managing and Sales Director boundary-spans to the market-place. The nature of the personal networks and boundary-spanning of the technical and business partner roles is summarised in Table 2. The role of the individual entrepreneur in these cases appears therefore to combine a close relationship with another individual as well as a wider networking capability. This suggests that different dimensions of the innovation process have particular requirements which need to be reconciled.
[Please insert Table 2 here]
Summary and Concluding Comments
We have explored a new approach to the graphic depiction of networks in the analysis of the innovation process. The 'network map' is derived from the traditional sociogram and is designed to play a useful role in the portrayal and interpretation of innovation networks. The network map is essentially the visualisation of the social interactions in the innovation process. It has the power to capture the diversity of actors, links and flows involved in such a process along with quantitative and qualitative dimensions of these network components. The network mapping approach exploits the visual capabilities of human cognition and the newly accessible graphic proficiency of the personal computer.
It is argued that the key to making a network map more than an illustrative device is the design of a conceptually grounded graphic convention. Such a convention must combine a consistency of representation with the expression of relevant concepts of network analysis. An example of such a convention is elaborated. The convention has been designed from within a management studies perspective to assist the analysis of discrete technological innovation within the specific business enterprise. It was developed through a process of theoretical and empirical investigation of innovation management in over fifty cases of award winning product and process innovations in UK firms.
Network concepts relevant to the analysis of innovation are drawn from the bodies of literature on social networks and on innovation studies. The core network model adopted for the analysis is the ego-centred focal action-set, which is the set of firstorder relationships of a key individual 'champion' with other actors who make a definable input to a specified innovation. This sets the rules of inclusion which underpin the network map. The graphic convention is designed to show selected actor, link and flow characteristics encompassing both organisational and individual actors, formal and informal links, and different intensities of information flow. It enables key boundary crossing interactions in the innovation process to be identified.
A fundamental aspect of the graphic convention for a network map is the principle adopted for the positioning of actors. This shapes the configuration pattern of the depicted network and, as well as adding richness, is decisive for effective comparative analysis. An axis based positioning principle is adopted which incorporates a specific supply-chain location and a more general knowledge/society orientation. The network map therefore reveals features relevant to the business strategy perspective as well as to the more general socio-political context.
The network mapping approach is illustrated through three cases of small firm innovations drawn from the wider set of award winning innovations investigated. In each of these cases the networking role of a key individual entrepreneurial actor in the innovation process is revealed. There is a clear distinction between such individuals and the more isolated role of other individual actors closely involved in the innovation. Comparison between the network maps shows a variation in the key boundary spanning interactions which is related to the organisational background of the entrepreneurial actor. 
Socio-Centred Network
Focus of analysis centred on group of actors within network.
Transaction Network
Inclusion rule based on actor participation in specified exchange.
Ego-Centred or Focal Network
Focus of analysis on centred around single actor within network.
Action-Set Inclusion rule based on actor participation in specified event. 
